Four new dicaffeoylspermidine derivatives, lycibarbarspermidines P-S (1-4), were isolated from the fruit of Lycium barbarum (wolfberry). The structures were determined by extensive spectroscopic (HRESIMS, 1D NMR, and 2D NMR) analyses and chemical methods. Dicaffeoylspermidine derivatives are a kind of major bioactive and characteristic constituents in wolfberry, and the discovery of 1-4 added new members of this family.
INTRODUCTION
Lycium barbarum (Solanaceae) is a defoliated shrubbery [1] . As a traditional Chinese medicine (TCM) and functional food worldwide, the fruit of Lycium barbarum, called wolfberry and goji berry, has been used to nourish liver and kidney, and brighten eye [2, 3] . In our previous research on the constituents of wolfberry, a kind of major bioactive and characteristic constituents, dicaffeoylspermidine derivatives, were firstly reported from wolfberry [4] . Consecutive study resulted in the discovery of four additional dicaffeoylspermidine derivatives, lycibarbarspermidines P-S (1-4), from wolfberry. Details of the isolation and structural elucidation of 1-4 are reported herein.
MATERIALS AND METHODS

General experimental procedures
UV data were recorded using a JASCO V-550 UV/vis spectrometer (Jasco International Co. Ltd, Tokyo, Japan). IR data were recorded on a JASCO FT/IR-480 plus spectrometer (Jasco International Co. Ltd). Optical rotations were measured on a JASCO P1020 digital polarimeter (Jasco International Co. Ltd). The ESIMS spectra were performed on a Finnigan LCQ Advantage MAX mass spectrometer (Finnigan MAT GmbH, Bremen, Germany). The HRESIMS spectra were obtained on a Micromass Q-TOF mass spectrometer (Waters Corporation, Milford, USA). 1D and 2D NMR spectra were acquired with Bruker AV 300, Bruker AV 400, and Bruker AV 600 spectrometers (Bruker BioSpin Group, Faellanden, Switzerland) using the solvent signals (DMSO-d 6 : δ H 2.50/δ C 39.5; CD 3 OD: δ H 3.30/δ C 49.0) as internal standards. The analytical HPLC was performed on a Dionex HPLC system equipped with an Ultimate 3000 pump, an Ultimate 3000 DAD, an Ultimate 3000 column compartment, an Ultimate 3000 autosampler (Thermo Fisher Scientific Inc., Sunnyvale, USA), and an Alltech (Grace) 2000ES ELSD (Alltech Co. Ltd, Portland, USA) using a Cosmosil Packed C 18 column (4.6 × 250 mm 2 , 5 μm) (Nacalai Tesque Inc., Kyoto, Japan) or a Phenomenex Gemini C 18 column (4.6 × 250 mm 2 , 5 μm) (Phenomenex Inc., Los Angeles, USA). The preparative HPLC was performed on a Shimadzu LC-6-AD liquid chromatography (Shimadzu Inc., Kyoto, Japan) with an SPD-20A detector using a Cosmosil Packed C 18 column (20.0 × 250 mm 2 , 5 μm) or a Phenomenex Gemini C 18 column (21.2 × 250 mm 2 , 5 μm). Medium pressure liquid chromatography (MPLC) was equipped with a dual pump gradient system, an UV preparative detector, and a Dr Flash II fraction collector system (Lisui E-Tech Co. Ltd, Shanghai, China). Column chromatography (CC) was performed on HP-20 macroporous resin (Mitsubishi Chemical Corporation, Tokyo, Japan), silica gel (200-300 mesh, Haiyang Chemical Co. Ltd, Qingdao, China), and ODS (50 μm, YMC Co. Ltd, Tokyo, Japan).
Plant materials
Wolfberry was collected from Zhongning County of Ningxia Hui Autonomous Region in China by one of the authors (Kwok-Fai So) in July, 2013. The plant materials were identified by one of the authors (Jia Xiao). A voucher specimen (LYBA-2013-NX-ZN) was deposited in the Institute of Traditional Chinese Medicine and Natural Products, College of Pharmacy, Jinan University, Guangzhou, China.
Extraction and isolation
The dried wolfberry (19.5 kg) was refluxed three times with 100 L of 60% EtOH−H 2 O for 2 h each time. After filtration, the EtOH was removed under reduced pressure to yield a concentrated solution. 
Acid hydrolysis
Acid hydrolysis was performed according to the method described by Tanaka et al. [5] with minor modifications. The sample (1.0 mg) was hydrolyzed with 2 M of HCl for 1 h at 90°C. After extracted with EtOAc twice, the H 2 O layer was evaporated in vacuo to furnish a monosaccharide residue using an Eyela N-1001 rotary evaporator (Tokyo Rikakikai Co. Ltd, Tokyo, Japan). The residue was dissolved in pyridine (1.0 mL) containing L-cysteine methyl ester hydrochloride (1.0 mg) and heated at 60°C. After 1 h, 10 μL of o-tolyl isothiocyanate was added to the reaction mixture and further reacted at 60°C for 1 h. Then, the reaction mixture was directly analyzed by the Dionex HPLC system and detected by an UV detector (at 254 nm). Analytical HPLC was performed on the Cosmosil C 18 column with isocratic elution of CH 3 (Figure 2) , the planar structure of 1 was established, and the assignments of all proton and carbon resonances were provided in Table 1 . In the planar structure, there was a hexose unit. A precise comparison of 13 C NMR data of the sugar unit with those of glycosides recorded in the literatures [6] [7] [8] suggested that the sugar chain of 1 was a glucopyranosyl. The relative configuration of the glucopyranosyl was established as β from the coupling constant of the anomeric proton (H-1‴) located at δ H 4.65 (d, 1H, J = 7.3 Hz). The absolute configuration of the glucopyranosyl was determined by HPLC analysis of products obtained from acid hydrolysis and derivatization reactions by L-cysteine methyl ester hydrochloride and o-tolyl isothiocyanate [5] . Analytical HPLC was performed on the Cosmosil C 18 column with isocratic elution of CH 3 [4] . Thus, the chemical shifts of H-5 and H/C-3/4/6/7 of 1 confirmed the deduction of the amine salt existence. Combined with the preparative method involved with 0.1% CF 3 COOH, 1 was inferred as trifluoroacetate. Since the formation of amine salt, the proton signal from CF 3 COO − was not observed in the 1 H NMR spectrum. In the 13 C NMR spectrum, only two set of very weak carbon signals from CF 3 COO − (about 116−120 and 160 ppm) were detected, and this phenomenon could be explained by the following two reasons: (1) the two carbon signals of CF 3 COO − are quaternary carbons; (2) both of them are splitted by three fluorine atoms [9] . Therefore, 1
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prop-2-enamide, and named lycibarbarspermidine P. Compounds 2 and 3 were obtained as greenish oils. Their molecular formulas were the same as that of 1, indicating that they were isomers of 1. The detailed analyses of 1D and 2D NMR data of 2 and 3 (Tables S2-S3 , Supporting Information) deduced their planar structures, respectively. The planar structures of 2 and 3 had the same aglycone as that of 1, along with a hexose unit. Unlike those of 1, the glycosylations of 2 and 3 occurred at C-4′ and C-4″ positions, respectively. The key ROESY correlations of 2 and 3 confirmed these results. A precise comparison of 13 C NMR data of the sugar unit with those of glycosides recorded in the literatures [6, [10] [11] suggested that the sugar chains of 2 and 3 were glucopyranosyls. The relative configurations of the glucopyranosyls were established as β from the coupling constants of the anomeric protons (H-1‴). The glucopyranosyls of 2 and 3 were the D-Glc according to HPLC analysis of products obtained from acid hydrolysis and derivatization reactions by L-cysteine methyl ester hydrochloride and o-tolyl isothiocyanate [5] . Combined with the preparative method and the chemical shifts of H/C-3/4/6/7 in CD 3 OD compared with lycibarbarspermidine J [4] , 2 and 3 were inferred as trifluoroacetates. Just like the situation in 1, the carbon signals of CF 3 COO − were hardly observed in the [6] [7] [8] suggested that both of the two hexose units of 4 were glucopyranosyls. The relative configurations of the two glucopyranosyls were established as β from the coupling constants of the anomeric protons (H-1‴ and H-1″″). Both of the two glucopyranosyls were D-Glc according to HPLC analysis of products obtained from acid hydrolysis and derivatization reactions by L-cysteine methyl ester hydrochloride and o-tolyl isothiocyanate [5] . The key NOESY correlations between H-1‴ and H-5′ and between H-1″″ and H-5″ confirmed that the two glycosylations occurred at C-4′ and C-4″ positions, respectively. N-5 existed as amine salt based on the fact that N-5 bore two protons and its chemical shifts of H-5 and H/C-3/4/6/7 in DMSO-d 6 [4] .
Combined with the preparative method, 4 was inferred as trifluoroacetate. Just like the situation in 1-3, the carbon signals of CF 3 COO − were hardly observed in the 13 C NMR spectra of 4. Therefore, In conclusion, four new constituents, lycibarbarspermidines P-S (1-4), were identified from wolfberry. They belong to the family of dicaffeoylspermidine derivatives, a rare kind of plant secondary metabolites. Dicaffeoylspermidine derivatives are a kind of major bioactive and characteristic constituents in wolfberry, and the discovery of 1-4 added new members of this family and gave insight into the chemical components of wolfberry.
